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Lipopolysaccharides (LPSs) from the outer membranes of gram-negative bacteria are well known to have many biochemical and immunological functions. It has been repeatedly shown that LPSs from black-pigmented Bacteroides spp. lack heptose and 3-deoxy-D-manno-octulosonic acid (10, 17, 21, 24) . The biological potencies of black-pigmented Bacteroides LPSs are considerably lower than those of enterobacterial LPSs (11, 21, 24) . However, it has been demonstrated that LPSs from black-pigmented Bacteroides spp. strongly stimulate bone resorption (9, 24) . Recently, Koga et al. (17) demonstrated that the biological activities of LPSs from B. gingivalis 381 were comparable with those of LPSs from Escherichia coli. The correlation between structure and biological activity of LPSs from black-pigmented Bacteroides spp. is still debatable. LPS preparations from Haemophilus actinomycetemcomitans, Fusobacterium nucleatum, and Eikenella corrodens have been demonstrated to possess lipid A and to exhibit biological potencies comparable with those of enterobacterial LPSs (5, 15, 19, 21, 25, 26, 31, 32) .
It has been shown that LPSs possess the ability to adhere to erythrocytes (1, 4, 16, 23, 33) . The abilities of periodontopathic bacteria to attach to surfaces in the oral cavity is a prerequisite for producing disease (2, 7, 34) . In the present study, we examined the hemagglutinating activity of periodontopathic bacterial LPSs.
MATERIALS AND METHODS
Bacterial strains and culture media. Bacteroides gingivalis 381, H. actinomycetemcomitans Y4, and E. corrodens FDC 1073 were obtained from S. S. Socransky (Forsyth Dental Center, Boston, Mass.); Capnocytophaga ochracea M-12 was isolated in our laboratory. The other Bacteroides strains, Capnocytophaga gingivalis ATCC 33624, and F. nucleatum ATCC 25586 were purchased from the American Type Culture Collection, Rockville, Md. Bacterial cells were grown in a diffusate medium as described previously (29) . Briefly, 34 Systems, Cockeysville, Md.), 6 g of Phytone peptone (BBL), and yeast extract (Difco Laboratories, Detroit, Mich.) were dissolved in 150 ml of distilled water and dialyzed against 1,000 ml of distilled water for 2 days at 4°C. After the volume of the diffusate was adjusted to 1,000 ml, 5 g of NaCl, 2.5 g of K2HPO4, 2.5 g of glucose, 0.2 g of tryptophan, 0.2 g of asparagine, and 0.2 g of cysteine hydrochloride were added, the pH was adjusted to 7.4, and the medium was autoclaved. Hemin (5.0 ,ug/ml), menadione (0.5 ,ug/ml), or KNO3 (2.0 g/liter) was added aseptically to each medium for culture. After cultivation, bacterial cells were harvested by centrifugation at 12,000 x g for 20 min at 4°C, washed with phosphate-buffered saline (PBS; pH 7.2), and lyophilized.
For the adsorption tests of LPS, grown cells of Actinomyces viscosus ATCC 15987, Actinomyces naeslundii ATCC 12104, Propionibacterium acnes ATCC 11828, and Treponema denticola ATCC 33520 were also used.
Preparation of LPSs. LPSs were extracted by the hot phenol water method described by Westphal and Jann (35) . Lyophilized cells (10 g) were suspended in 200 ml of pyrogen-free distilled water. A 200-ml sample of 90% phenol was added, and the suspensions were shaken vigorously at 67°C for 15 min and centrifuged at 7,000 x g for 20 min. The aqueous phase was removed. A 200-ml sample of distilled water was added to the remaining phase, and the procedure was repeated. The removed aqueous phase was dialyzed thoroughly against distilled water and lyophilized. The crude LPS recovered from the aqueous phase was purified by repeated ultracentrifugation at 105,000 x g for 2 h. The yields of LPS from dried cells were 0.7 to 4.45%. Chemical analyses were described in our previous report (21) . LPSs from E. coli O111:B4 and J5 (Rc chemotype rough mutant from O111:B4) and Salmonella minnesota ATCC 9700 and R60 (Ra rough mutant of S. minnesota) were purchased from List Biological Laboratories, Campbell, Calif.
SDS-PAGE. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of LPS preparations was carried out by the method of Laemmli (20) . A 13% SDSpolyacrylamide gel (length, 11 cm) was used. The following protein standards (Bio-Rad Laboratories, Richmond, Calif.) were used: phosphorylase b, bovine serum albumin, oval- mercaptoethanol, and 0.001% bromphenol blue. The samples were run in slab gels (pH 8.3) with a thickness of 1 mm. Gels were stained with silver stain reagent as described by Progulske and Holt (31) . Hemagglutination test. Erythrocytes from humans (A, AB, B, and 0) and animals (white rabbits, sheep, and mice of strains C3H/HeJ, C3H/HeN, and ddY) were collected and washed with PBS. Hemagglutinating activity was determined in round-bottom microtiter plates (Dynatech Laboratories, Inc., Alexandria, Va.). LPS preparations were serially diluted in twofold steps in PBS, and an equal volume of 2% washed erythrocytes was then added. The mixture was gently shaken at 37°C for 10 min and stored overnight at room temperature. The titer was expressed as the minimal concentration of LPS which caused distinct hemagglutination.
Hemagglutination inhibition tests. The tests were carried out as described previously (27) . LPSs from Bacteroides intermedius ATCC 25611 and 33563, F. nucleatum, and E. corrodens were used in the inhibition tests. (i) LPS suspensions in each buffered saline sample were treated at 37°C for 60 min with protease type 1 (2 mg/ml), trypsin (2 mg/ml), papain (2 mg/ml), pepsin (2 mg/ml), neuraminidase (10 U/ml), hyaluronidase (830 U/ml), lipase (2 mg/ml), phospholipase A (1,000 U/ml), phospholipase C (10 U/ml), and phospholipase D (10 U/ml). These enzymes were purchased from Sigma Chemical Co., St. Louis, Mo. After the mixture was heated at 100°C for 10 min, the hemagglutinating activity level was determined.
(ii) The sugars (0.1 M) were glucose, fructose, mannose, sucrose, galactose, lactose, D-galactosamine, D-glucosamine, N-acetyl-D-galactosamine, and Nacetylneuraminic acid; the amino acids (
-serine, and L-tryptophan; and the antibiotics were 1 mg of ampicillin, benzylpenicillin, kanamycin, streptomycin, tetracycline, clindamycin, erythromycin, josamycin, and vancomycin per ml and 1,000 U of colistin and polymyxin B per ml. These along with EDTA were serially diluted in twofold steps with human serum and saliva in PBS and were tested. These chemicals were purchased from Sigma and from Wako Chemicals, Tokyo, Japan. Each LPS suspension which possessed an activity level eight times higher than the minimum for distinct agglutinating activity was then added to each suspension. The mixtures were gently shaken for 10 min at room temperature, and a 2% erythrocyte suspension from the ddY mouse strain was added to each well (3). The effect of normal rabbit serum and rabbit antiserum against whole cells on the hemagglutinating activity was also determined. The preparations of rabbit antisera were described in our previous report (27) . The inactivated serum was serially diluted in twofold steps in the wells of a microtiter plate. LPS concentrations which produced activity eight times higher than the minimal level were then added. Fig. 1 Hemagglutination inhibition. The effects of enzyme treatment on the hemagglutinating activity of LPSs are summarized in Table 3 . Lipase and phospholipase C inhibited the activity. Phospholipase D partially inhibited it. Proteolytic enzymes had no significant effect.
Human serum and saliva inhibited the hemagglutination of LPSs of B. intermedius ATCC 25611 and 33563, F. nucleatum, and E. corrodens. The MICs of human serum and saliva which inhibited the hemagglutination were 0.6% and 1.25%, respectively. The MIC of rabbit antiserum to whole cells was 0.6%, which was the same as that of normal rabbit serum inhibited (0.6%). Colistin inhibited the activity of LPSs from B. intermedius, F. nucleatum, and E. corrodens. Polymyxin B inhibited the activity of B. intermedius LPSs but did not inhibit those from F. nucleatum or E. corrodens. No other antibiotics tested showed any inhibitory activity. Tested sugars, amino acids, and EDTA did not inhibit the hemagglutination.
When the LPSs were incubated with oral bacteria, the hemagglutinating activity of E. corrodens LPS decreased (Table 4 ). The results indicate that E. corrodens LPS adhered to the cells of B. gingivalis, B. intermedius, and T. denticola. Various sugars can inhibit the attachment of oral bacteria to host cell surfaces, suggesting that the bacterial lectinlike surface components are important determinants of adherence (3, 14, 18, 22, 28, 36) . Recently, it has been demonstrated that the hemagglutinating activity of B. gingivalis is inhibited by some amino acids (13, 29) . A similar mechanism was reported for cell wall' fragments of F. nucleatum (6) . In this study, erythrocyte attachment was not inhibited by sugars, amino acids, or proteolytic enzyme treatment. These results suggest that the hemagglutination of LPS is a specific mechanism which differs from lectinlike and proteinaceous attachments. 
